
1 
 

(b) atpD

B. pachyrhizi PAC 48T (FJ428208)

B. elkanii USDA 76T (AY386758)

B. yuanmingense CCBAU 10071T (AY386760)

B. iriomotense LMG 24129T (AB300994)

B. jicamae PAC 68T (FJ428211)

B. lablabi CCBAU 23086T (GU433473)

M10 (KJ547727)

B. japonicum USDA 6T (NC_017249)

B8 (KJ547730)

B. cytisi CTAW11T (GU001613)

B. canariense BTA-1T (AY386739)

B. daqingense CCBAU 15774T (HQ231289)

B. huanghuaihaiense CCBAU 23303T (HQ231682)

B.diazoefficiens USDA 110T (NC_004463)

B. rifense CTAW71T (GU001617)

B. arachidis CCBAU 051107T (HM107217 )

B. liaoningense USDA 3622T (AY493450)

B. betae LMG 21987T (FM253129)

G35 (KJ547728)

C24 (KJ547729)

S36 (KJ547731)

M26 (KJ547732)

96

34
26

100

99

97

76

91

35
43

16

33

90

60

52

30

35

34
14

0.005

(d) glnII

B. japonicum USDA 6T (NC_017249)

B8 (KJ547742)

M10 (KJ547739)

G35 (KJ547740)

B. huanghuaihaiense CCBAU 23303T (HQ231639)

B. betae LMG 21987T (AB353733)

B. diazoefficiens USDA 110T (NC_004463)

C24 (KJ547741)

M26 (KJ547744)

S36 (KJ547743)

B. cytisi CTAW11T (GU001594)

B. rifense CTAW71T (GU001604)

B. canariense BTA-1T (AY386765)

B. iriomotense LMG 24129T (AB300995)

B. liaoningense USDA 3622T (AY494803)

B. arachidis CCBAU 051107T (HM107251)

B. daqingense CCBAU 15774T (HQ231301)

B. yuanmingense CCBAU 10071T (AY386780)

B. jicamae PAC 68T (FJ428204)

B. lablabi CCBAU 23086T (GU433498)

B. pachyrhizi PAC 48T (FJ428201)

B. elkanii USDA 76T (AY599117)

100

99

98

100

89

50

62

43

100 31

45

49

42

19

21

19

7

22

10

0.01

(e) gryB

B. cytisi LMG 25866T (JN186292)

B. rifense CTAW71T (KC569466)

B. canariense BTA-1T (FM253220)

B. betae LMG 21987T (AB353735)

M10 (KJ547745)

G35 (KJ547746)

B. diazoefficiens USDA 110T (NC_004463)

M26 (KJ547750)

S36 (KJ547749)

B. japonicum USDA 6T (NC_017249)

C24 (KJ547747)

B8 (KJ547748)

B. huanghuaihaiense CCBAU 23303T (JX437672)

B. liaoningense USDA 3622T (FM253223)

B. daqingense CCBAU 15774T (JX437669)

B. yuanmingense CCBAU 10071T (FM253226)

B. arachidis CCBAU 051107T (JX437675)

B. iriomotense LMG 24129T (HQ873308)

B. pachyrhizi PAC 48T (HQ873310)

B. elkanii USDA 76T (AB070584)

B. jicamae PAC 68T (HQ873309)

B. lablabi CCBAU 23086T (JX437670)100

100

100

97

77
99

64

60

70

63

96

0.01

(c) dnaK
B. daqingense CCBAU 15774T (JX437662)

B. yuanmingense LMG 21827T (FM253312)

B. liaoningense LMG 18230T (FM253309)

B. diazoefficiens USDA 110 T(NC_004463)

B. canariense BTA-1T (AY923047)

B. arachidis CCBAU 051107T (JX437668)

B. huanghuaihaiense CCBAU 23303T (JX437665)

G35 (KJ547734)

M26 (KJ547738)

S36 (KJ547737)

B. japonicum USDA 6T (NC_017249)

M10 (KJ547733)

C24 (KJ547735)

B8 (KJ547736)

B. cytisi CTAW11T (JQ945184)

B. rifense CTAW71T (JQ945187)

B. iriomotense LMG 24129T (JF308944)

B. betae LMG 21987T (FM253303)

B. jicamae LMG 24556T (JF308945)

B. lablabi CCBAU 23086T (JX437663)

B. pachyrhizi LMG 24246T (JF308946)

B. elkanii USDA 76T (AY328392)100

100

99
78

62

53

87
54

99

0.01

B. diazoefficiens USDA 110T (NC_004463)

B. betae LMG 21987T (AB353734)

B. cytisi CTAW11T (GU001575)

B. canariense bv. genistearum BTA-1T (AY591553)

B. arachidis CCBAU 051107T (HM107233)

B. rifense  CTAW71T (GU001585)

B. yuanmingense CCBAU 10071T (AY591566)

B. iriomotense NBRC 102520T (AB300996)

B. huanghuaihaiense CCBAU 23303T (HQ231595)

B. daqingense CCBAU 15774T (HQ231270)

B. liaoningense ICMP 13639T (AY494833)

B. jicamae LMG 24556T (HM047133)

B. lablabi CCBAU 23086T (GU433522)

B. pachyrhizi LMG 24246T (HM047130)

B. elkanii USDA76T (AY591568)

99
99

85

72

84

64
56

99

99

83

57

92

80

99

0.01

(a) recA G1, G8, G9, G10, G11, G12, G13, G14,  G17, G19, G20, G22, G24,

G25, G26, G30, G31, B1, B2, B3, B4, B5, B6

C1, C2, C3, C4, C5, C6, C7, C8, C9, C10, C11, C12, C13, C14, C15, 

C16, C17, C18, C19, C20, S1, S2, S3, S4, S5, S6, S7, S8, S9, S10, S11, 

S12, S13, S14, S15, S16, S17, S18, S19, S20, S21, S22, S23, S24, S25,  

S26, S27, S28, S29, S30, S31, S32, S33, S34, S35

M1, M2, M3, M4, M5, M6, M7, M8, M9, M10, M11, M12, M13

W1, W2, W3, W4, W5, W6, W7, W8, W9, W10, W11, W12, W13, W14, W15

R1, R2, R3, R4, R5, R6, R7, R8, R9, R10, R11, R12, R13, R14

R15, R16, R17, R18, R19, R20, R21, R22, R23, R24, R25, R26

B. japonicum USDA 6T (NC_017249)
G21,G27, G29, G35 (KJ547770)

G33, G34, G36, G37, G40，B7, B8, B9; C21, C22, C23 (KJ547772)

C24; R27, R28, R29, R30, R31, R32, R33, R34, R35, R36 (KJ547771)

G2, G3, G4, G5, G6, G7, G15, G16, G18, G23, G28, G32, G38, G39,

B10, B11, B12, B13, B14, B15, B16, B17, B18, B19, B20, B21, B22, B23, B24,  

B25, B26, B27, B28, B29, B30, B31, B32, B33, B34, B35, B36, B37, B38, B39, B40

C25, C26, C27, C28, C29, C30, C31,C32, C33, C34, C35, G36, C37, C38, C39, C40

S36, S37, S38, S39, S40; R37, R38, R39, R40

M14, M15, M16, M17, M18, M19, M20, M21, M22, M23, M24, M25, M26,  

M27, M28, M29, M30, M31, M32, M33, M34, M35, M36, M37, M38, M39, M40

W16, W17, W18, W19, W20, W21, W22, W23, W24, W25, W26, W27,

W28, W29,  W30, W31, W32, W33, W34, W35, W36, W37, W38, W39, W40

(KJ547769)

(KJ547773)

(KJ547774)
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(a) nodC 

B8 (KJ547760)

M26 (KJ547762)

G35 (KJ547758)

C24 (KJ547759)

M10 (KJ547757)

B. huanghuaihaiense CCBAU 23303T (HQ231507)

B. daqingense CCBAU 15774T (HQ231326)

B. japonicum USDA 6T (NC_017249)

B. diazoefficiens USDA 110T (NC_004463)

S36 (KJ547761)

B. yuanmingense NBRC 100594T (AB354633)

B. arachidis CCBAU 051107T (HM107267)

B. pachyrhizi LMG 24246T (HM047128)

B. elkanii IFO 14791T (AB354631)

B. canariense BTA-1T (AJ560653)

B. cytisi CTAW11T (EU597844)

B. rifense CTAW71T (EU597853)

B. iriomotense LMG 24129T (AB301000)

B. liaoningense LMG 18230T (GU263466)

B. jicamae LMG 24556T (HM047129)

B. lablabi CCBAU 23086T (GU433565)

88
100

55
57

88

100

100

97

99

100

0.05

(b) nifH
B. daqingense CCBAU 15768T (HQ664976)

G35 (KJ547752)

B. liaoningense LMG 18230T (EU818925)

B. huanghuaihaiense CCBAU 23303T (HQ231551)

B. japonicum USDA 6T (NC_017249)

B. diazoefficiens USDA 110T (NC_004463)

C24 (KJ547753)

B8 (KJ547754)

M26 (KJ547756)

S36 (KJ547755)

M10 (KJ547751)

B. elkannii USDA 76T (AB079619)

B. yuanmingense CCBAU 10071T (EU818927)

B. arachidis CCBAU 051107T (HM107283)

B. pachyrhizi LMG 24246T (HM047124)

B. lablabi CCBAU 23086T (GU433546)

B. jicamae LMG 24556T (HM047127)

B. canariense BTA-1T (EU818926)

B. cytisi CTAW11T (GU001618)

B. rifense CTAW71T (GU001627)89
100

59

99

75

87

100

57

61

0.02

(f) rpoB

B. japonicum USDA 6T (NC_017249)

C24 (KJ547765)

B8 (KJ547766)

M10 (KJ547763)

G35 (KJ547764)

B. betae LMG 21987T (FM253260)

B. canariense LMG 22265T (FM253263)

B.cytisi LMG 25866T (JN186288)

B. rifense CTAW71T (KC569468)

B. diazoefficiens USDA 110T (NC_004463)

B. huanghuaihaiense CCBAU 23303T (JX437679)

S36 (KJ547767)

M26 (KJ547768)

B. iriomotense LMG 24129T (HQ587646)

B. arachidis CCBAU 051107T (JX437682)

B. daqingense CCBAU 15774T (JX437676)

B. liaoningense LMG 18230T (JX437679)

B. yuanmingense LMG 21827T (FM253269)

B. jicamae LMG 24556T (HQ587647)

B. lablabi 23086T (JX437677)

B. pachyrhizi LMG 24246T (HQ587648)

B. elkanii USDA 76T (EF190188)

100

100

100

99

63

60

54

54

81

98

85

52

53

71

0.01

 
 

FIG S1 Neighbor-joining tree constructed with recA (a), atpD (b), dnaK (c), glnII (d), gryB (e), 

rpoB (f) gene sequences showing the phylogenetic relationships of the rhizobial populations 

isolated from the different land-use and crop managements. Accession numbers of the sequences 

in GenBank database presented in parentheses strains are those used in this study. Bootstrap values 

only higher than 50 were shown at nodes. Scale bars represent 0.5% or 1% of nucleotide 

substitutions.  

 

 

 
 

 
 

 
 

 
 

 
 

 

 

 

FIG S2 Neighbor-joining tree constructed with nodC (a) and nifH (b) gene sequences showing the 

phylogenetic relationships of the rhizobial populations isolated from the different land-use and 

crop managements. Bootstrap values only higher than 50 were shown at nodes. Accession 

numbers of the sequences in GenBank database presented in parentheses strains are those used in 

this study. Scale bars represent 2% or 5% of nucleotide substitutions.
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TABLE S1 Similarities of the housekeeping gene sequences between the new isolates and the reference strains. 

Representative 

isolate
#
 

Phylogenetic affiliation* Definition of 

genospecies  recA atpD glnII gryB rpoB dnaK MLSA 

M10 97.3%  98.6% 97.6% 95.8% 98.1% 97.3% 97.7% B. sp. I 

B8, C24 99.1-99.8% 

100% (B8)/B. 

diazoefficiens 

USDA 110 

96.3% (C24) 

98.0-99.2% 98.1% 98.1-99.5% 98.2-98.6% 98.3-98.8%` B. japonicum 

G35 95.7% 

B. diazoefficiens 

USDA 110 

96.3% 

97.4% 

B. diazoefficiens 

USDA 110 

95.3% 

98.0% 

B. huanghuaihaiense 

CCBAU 23303T 

97.3% 

96.3% B. sp. II 

S36, M26 

B. arachidis 

CCBAU 

051107T 

95.2-95.4% 

B. diazoefficiens 

USDA 110 

94.6-96.3% 

B. diazoefficiens 

USDA 110 

96.4-98.2% 

B. diazoefficiens 

USDA 110 

96.0% 

B. arachidis 

CCBAU 

051107T 

96.1-96.5% 

B. huanghuaihaiense 

CCBAU 23303T 

97.3-97.7% 

B. diazoefficiens 

USDA 110  

95.5% 

B. sp. III 

*All the similarities were compared with B. japonicum USDA 6T, except specially indicated. 
#
M10 had the same recA gene sequence to G1, G8, G9, G10, G11, G12, G13, G14, G17, G19, G20, G22, G24, G25, G26, G30, G31, B1, B2, B3, B4, B5, B6, C1, C2, C3, C4, C5, 

C6, C7, C8, C9, C10, C11, C12, C13, C14, C15, C16, C17, C18, C19, C20, S1, S2, S3, S4, S5, S6, S7, S8, S9, S10, S11, S12, S13, S14, S15, S16, S17, S18, S19, S20, S21, S22, 

S23, S24, S25, S26, S27, S28, S29, S30, S31, S32, S33, S34, S35, M1, M2, M3, M4, M5, M6, M7, M8, M9, M11, M12, M13, W1, W2, W3, W4, W5, W6, W7, W8, W9, W10, 

W11, W12, W13, W14, W15, R1, R2, R3, R4, R5, R6, R7, R8, R9, R10, R11, R12, R13, R14, R15, R16, R17, R18, R19, R20, R21, R22, R23, R24, R25, R26; 

G35 had the same recA gene sequence to strains of G21,G27, G29; 

B8 had the same recA gene sequence to strains of G33, G34, G36, G37, G40, B7, B9; C21, C22, C23; 

C24 had the same recA gene sequence to strains of R27, R28, R29, R30, R31, R32, R33, R34, R35, R36; 

S36 had the same recA gene sequence to strains of G2, G3, G4, G5, G6, G7, G15, G16, G18, G23, G28, G32, G38, G39, B10, B11, B12, B13, B14, B15, B16, B17, B18, B19, B20, 

B21, B22, B23, B24, B25, B26, B27, B28, B29, B30, B31, B32, B33, B34, B35, B36, B37, B38, B39, B40, C25, C26, C27, C28, C29, C30, C31,C32, C33, C34, C35, G36, C37, 

C38, C39, C40, , S37, S38, S39, S40; R37, R38, R39, R40 

M26 had the same recA gene sequence to strains of M14, M15, M16, M17, M18, M19, M20, M21, M22, M23, M24, M25, M27, M28, M29, M30, M31, M32, M33, M34, M35, 

M36, M37, M38, M39, M40, W16, W17, W18, W19, W20, W21, W22, W23, W24, W25, W26, W27, W28, W29,  W30, W31, W32, W33, W34, W35, W36, W37, W38, W39, 

W40. 



4 
 

TABLE S2 The number, ratio and percentage of the isolates in genospecies and in the sampling sites. 
Isolate* Distribution

¶
 

Bradyrhizobium sp. I (132/280, 47.1%)  

GL (17) 

BL (6) 

CL (20) 

S-S (35) 

M-M (13) 

W-W (15) 

M/S/W (26) 

G1, G8, G9, G10, G11, G12, G13, G14, G17, G19, G20, G22, G24, G25, G26, G30, G31, B1, B2, B3, B4, B5, B6, C1, C2, 

C3, C4, C5, C6, C7, C8, C9, C10, C11, C12, C13, C14, C15, C16, C17, C18, C19, C20, S1, S2, S3, S4, S5, S6, S7, S8, S9, 

S10, S11, S12, S13, S14, S15, S16, S17, S18, S19, S20, S21, S22, S23, S24, S25, S26, S27, S28, S29, S30, S31, S32, S33, 

S34, S35, M1, M2, M3, M4, M5, M6, M7, M8, M9, M10, M11, M12, M13, W1, W2, W3, W4, W5, W6, W7, W8, W9, 

W10, W11, W12, W13, W14, W15, R1, R2, R3, R4, R5, R6, R7, R8, R9, R10, R11, R12, R13, R14, R15, R16, R17, R18, 

R19, R20, R21, R22, R23, R24, R25, R26 

B. japonicum USDA6T (22/280, 7.8%)  

GL (5), BL (3), CL 

(4), M/S/W (10) 
G33, G34, G36, G37, G40, B7, B8, B9, C21, C22, C23, C24, R27, R28, R29, R30, R31, R32, R33, R34, R35, R36 

Bradyrhizobium sp. II (4/280, 1.4%) 
GL (4) 

G21,G27, G29, G35 

Bradyrhizobium sp. III (122/280, 43.6%)  

GL (14) 

BL (31) 

CL (16) 

S-S (5) 

M-M (27) 

W-W (25) 

M/S/W (4) 

G2, G3, G4, G5, G6, G7, G15, G16, G18, G23, G28, G32, G38, G39, B10, B11, B12, B13, B14, B15, B16, B17, B18, B19, 

B20, B21, B22, B23, B24, B25, B26, B27, B28, B29, B30, B31, B32, B33, B34, B35, B36, B37, B38, B39, B40, C25, C26, 

C27, C28, C29, C30, C31,C32, C33, C34, C35, G36, C37, C38, C39, C40, S36, S37, S38, S39, S40, M14, M15, M16, M17, 

M18, M19, M20, M21, M22, M23, M24, M25, M26, M27, M28, M29, M30, M31, M32, M33, M34, M35, M36, M37, M38, 

M39, M40, W16, W17, W18, W19, W20, W21, W22, W23, W24, W25, W26, W27, W28, W29, W30, W31, W32, W33, 

W34, W35, W36, W37, W38, W39, W40, R37, R38, R39, R40  

*. Contents in brackets are the isolate number/total, percentage.  
¶. Numbers in brackets are the isolate number in each cultivation management. GL, grassland since 1985; BL, bareland since 1985; CL, cropland with 

maize/soybean/wheat rotation without fertilizer supply since 1985; S-S, soybean monoculture since 1990; M-M, maize monoculture since 1990; W-W, wheat 

monoculture since 1990; M/S/W, maize/soybean/wheat rotation with chemical fertilizer supply since 1990. 
 

 


